termination were smaller than the symbol designating the mean value of the determination.
To date, we have used our modified assay to monitor changes in glutathione resulting from pharmacologic intervention of the HIV disease with N-acetylcysteine (6) . We have also used this assay to investigate the redox changes in T cell subsets that occur in the course of HIV infection (manuscript in preparation). In these studies, T cells from uninfected individuals were sorted using fluorescence-activated cell sorting (FACS) to obtain pure populations of the various T cell subsets. The amount of glutathione present in the various purified populations of cells was then determined with our modified assay. A representative chromatogram from these analyses is shown in Fig. 3 . We anticipate that the simplicity and general utility of this assay will lead to its wide use. 6 purified naïve CD4 human T cells (CD4 ϩ , CD45 ϩ , CD62L ϩ ) were FACS sorted, washed free of serum, and resuspended in 100 l of 5% sulfosalicylic acid plus 50 M DTT. The samples were then analyzed with our modified mBrB assay. The peak at 6.5 min. is the glutathione-bimane peak.
one of the most commonly used methods employed for this purpose (1) . This method is simple and rapid; however, a few limitations are associated with this extraction procedure. Importantly, the quality of DNA extracted is often inadequate for subsequent molecular manipulations. Superior-quality mpDNA could be prepared using a number of commercial kits (Geneclean II, BIO 101; ion-exchange resins, Qiagen, etc.). However, the standard alkaline lysis protocol continues to be popular because the costs of the kits are unaffordable for routine use.
Several reports employed silica (2-6) and its derivatives (7, 8) as principal matrices for preferential isolation of nucleic acids. The primary objective of these protocols was to purify DNA fragments from agarose gel. The potential of silica, however, has not been exploited for developing a similar inexpensive strategy for routine preparation of good-quality mpDNA. Here we present a simple and reproducible protocol for extracting mpDNA from bacterial cultures on a smaller scale for routine use in the laboratory. This protocol blends the simplicity of the alkaline lysis method with an important modification and the preferential binding of the silica matrix for nucleic acids.
Cell pellets harvested from 1.5 ml of bacterial cultures grown overnight were lysed using alkaline lysis method as per the standard protocol (1). The samples were centrifuged at 10,000 rpm for 10 min and the supernatants were transferred to fresh vials. To each vial 450 l of 5 M NaCl was added and mixed well. This was followed by the addition of 15 l of silica suspension (6 g/50 ml). Silica (No. S 5631, Sigma) suspension was prepared as described previously with minor modifications (4). Following the addition of silica, the samples were agitated gently for 10 min and centrifuged at 10,000 rpm and the supernatants were decanted. Silica pellets were washed three times, each time with 250 l of the wash solution (60% ethanol, 10 mM Tris, pH 8.0, 100 mM NaCl, and 1 mM EDTA). Plasmid DNA bound to the silica matrix was eluted with 50 l of autoclaved distilled water.
Although mpDNA free of bacterial proteins or other impurities could be recovered by this method, the DNA was completely resistant to restriction (see below). We reasoned that SDS being negatively charged could bind the silica particles and coelute with the mpDNA. To test for this possibility, we replaced SDS with nonionic detergents such as Triton X-100 in solution 2. Plasmid DNA obtained with 1% Triton X-100 (No. 22686, Amersham) or IGEPAL CA-630 (No. I 3021, Sigma) was readily restricted with different restriction endonucleases (RE), whereas that of 1% SDS was not. Nonionic detergents lacking negative charge probably do not interact with the silica particles and are removed during the wash step. We tested different concentrations of Triton X-100 and found that Triton X-100 at 3% concentration or above completely lysed the bacterial cells. Based on these results we used 4% Triton X-100 in solution 2 of the optimized Triton/silica method (TSM). In addition, only trace levels of bacterial RNA were copurified with the mpDNA prepared by the TSM, obviating the need for RNase treatment. The presence of this RNA did not interfere with restriction of the mpDNA using several RE. IGEPAL CA-630 also appeared to function equally efficient.
Binding of DNA to silica requires the presence of high salt concentration. We used NaCl rather than NaI (Geneclean II, BIO 101), guanidium thiocyanate (4), or sodium perchlorate (3) to facilitate DNA binding to silica. We tested varying concentrations of NaCl ranging from 1 to 4 M and found that 2 M and above allowed maximal binding. Importantly, use of NaCl instead of the chaotropic salts to promote DNA binding to silica offers the advantage that NaCl is inexpensive and the solution is stable at room temperature. Moreover, when compared in parallel, NaCl coeluted the least quantity of bacterial RNA than NaI or guanidium thiocyanate.
RE vary in efficiency to tolerate the level of impurities present in the mpDNA preparations. We used restriction analysis as a direct measure of purity of mpDNA isolated by TSM. We digested mpDNA with more than 10 RE at two different concentrations of the enzyme. Plasmid DNA isolated by standard alkaline lysis and 1% SDS/silica was also included for a comparison. Results obtained with three RE are shown (Fig. 1) . All the enzymes efficiently digested mpDNA isolated by TSM at both the enzyme concentrations. Plasmid DNA extracted by SDS/silica, on the other hand, was not digested by any of the RE used. It is surprising that mpDNA isolated by SDS/silica was resistant to REdigestion because SDS and silica derivatives are the common constituents of some protocols reported previously (8, 10) . Both of these reports used diatomaceous earth, which is of biological origin, in their protocols. It is possible that the DNA binding properties of this matrix is different from that of silica that we used. We also have additional evidence to show that it is possibly the residual SDS coeluting with the mpDNA that inhibited RE digestion. Reducing SDS concentration in solution 2 from 1 to 0.4% did not inhibit subsequent enzyme restriction. It is possible that because the concentration of SDS was a limiting factor here, probably all the SDS was precipitated by potassium acetate, leaving no residual SDS in solution to bind silica. Restriction of the mpDNA isolated by the standard alkaline lysis method varied depending on the enzyme used. While BamHI digested this preparation at both the enzyme concentrations, PstI restricted it only at higher concentration. KpnI, on the other hand, failed to restrict the mpDNA at either concentration. KpnI, however, digested the same mpDNA preparation following an additional phenol-chloroform extraction, indicating that it is possibly the presence of bacterial protein impurities that inhibited this enzyme.
The purity of mpDNA prepared by TSM was compared further with that of standard alkaline lysis method. Plasmid DNA preparations were incubated with serial 10-fold dilutions of two RE (Fig. 2) . Plasmid DNA prepared by alkaline lysis was restricted with HindIII and EcoRI at 10 and 1.0 units. Reducing the enzyme concentration further resulted in the failure of restriction. Plasmid DNA prepared by TSM, on the other hand, was restricted at much lower enzyme concentrations, up to 0.1 and 0.01 unit with EcoRI and HindIII, respectively.
Plasmid DNA isolated by TSM is also amenable for manipulations using other enzymes such as Klenow, T4-ligase, Sequenase, and Taq DNA polymerase (not shown). The TSM also lends itself for scaleup. Although the results presented here were obtained with one strain of the bacterial host (DH5␣) and one plasmid vector, pBC12/PL/SEAP (9), we obtained identical results with a few more bacterial hosts (DH-1, DH10␤, XA3DII, and XL1-Blue) and a variety of plasmids that varied in size (3-13 kb).
Here we report a simple and reproducible protocol for small-scale isolation of mpDNA from bacterial hosts. Silica matrix used is inexpensive and a 100-g quantity is sufficient to prepare approximately 56,000 individual minipreps. All the reagents used in this protocol are inexpensive and stable at room temperature. Elimination of organic extraction, RNase digestion, and alcohol precipitation, combined together, not only renders this protocol very rapid, but also highly economical. Using TSM, it is possible to prepare minipreps in half the time required for the standard alkaline lysis method. An added advantage of TSM is that only two sets of plastic vials are required per sample as opposed to four or more for standard alkaline lysis. Using this protocol it is possible to prepare superior-quality mpDNA in the labora-
FIG. 2.
Comparison of the purity of the mpDNA isolated using the Triton/silica method with that of alkaline lysis. 5 l of the mpDNA was incubated with varying concentrations of HindIII (top) or EcoRI (bottom) for 1 h at 37°C. The concentration of the enzyme (units/ reaction) is shown at the top of the lanes. The following restriction patterns were expected after successful enzyme digestion: HindIII, linearization; EcoRI, 801 and 4425 bp. M, 1 kb. tory on a routine basis without the need for a commercial kit or expensive/unstable/hazardous reagents. We believe that the Triton/silica protocol presented here is the simplest, quickest and the most economical of the several protocols reported previously to prepare good-quality mp-DNA from bacterial cultures.
